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Overproduction of reactive oxygen species (ROS)may cause cell and
tissue damage and is implicated in a range of different pathologies.
Enzymes of the mitochondrial respiratory chain, namely complexes I
and III, belong to the important cellular sources of ROS. However,
ROS production is also associated with ﬂavin dehydrogenases —
succinate dehydrogenase (SDH) and glycerol-3-phosphate dehydroge-
nase (mGPDH) [1].
In our previous studies we demonstrated that both SDH and
mGPDH can support ROS production. In the case of SDH, most ROS
are produced at the level of complex III, while with mGPDH, the
prominent ROS source is dehydrogenase itself and coenzyme Q (CoQ)
pool [2]. We therefore decided to characterise the mechanism of ROS
production by these dehydrogenases in more detail. We used mild
detergents to solubilise mitochondrial membranes into individual
complexes and supercomplexes as a tool for elucidating their role in
ROS production.
These experiments uncovered important differences between SDH
and mGPDH associated ROS production both in terms of intensity and
mechanism. Solubilisation of SDH led to the loss of enzyme activity,
caused by the depletion of CoQ. Exogenous CoQ had pro-oxidant
activity, which implicated CoQ and not SDH as the place of electron
leak to superoxide. In contrast, basal mGPDH ROS production was
several times higher and was further increased by enzyme sol-
ubilisation. Exogenous CoQ prevented leak of electrons towards
oxygen and had an anti-oxidant effect.
Further we used native electrophoretic systems to isolate the
enzyme and proved that mGPDH itself is the place of electron leak
and ROS production. We also demonstrated mGPDH association into
homooligomeric forms as well as in high molecular weight super-
complex. All these forms were capable of ROS production.
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Reperfusion injury is mediated by reactive oxygen species (ROS)
produced during ischaemia–reperfusion (IR) which leads to the opening
of the mitochondrial permeability transition pore (MPTP). ROS produc-
tion has previously been monitored in isolated cardiomyocytes by
ﬂuorescence microscopy with varying methods, cell types and results.
We have developed a real-time ischaemia–reperfusion protocol for
ﬂuorescent microscopy that exposes isolated rat cardiomyocytes to
conditions closely matching global ischaemia–reperfusion in the per-
fused heart. Temperature and [O2] are tightly controlled and contin-
uously monitored. We have previously conﬁrmed that neither DHE
nor DCF are suitable dyes to monitor ROS production in situ. Instead,
we have employed the mitochondria-targeted H2O2-sensitive ﬂuo-
rescent dye MitoPY1 for live monitoring of ROS production. We have
also targeted Ca2+, ΔΨm and the cells' oxidative state with additional
co-stains and markers. In addition, we are developing a protocol for
real-time multiwavelength surface ﬂuorescence and reﬂectance mea-
surement to monitor autoﬂuorescence and ROS production in the
more pathophysiologically relevant Langendorff-perfused rat heart.
Our results to date show that ﬂuorescence of MitoPY1 in cells remains
stable in single myocytes during the normoxic equilibration period
but increases brieﬂy during the initial period of simulated ischaemia.
A large rise in ﬂuorescence is observed during reperfusion prior
to hypercontraction and death of the cells. We aim to establish an
experimental method using single myocytes that complements the
reﬂectance/ﬂuorescence studies in the perfused hearts to elucidate
further the cellular events during IR.
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